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ACOUSTICAL  EMISSION  STUDIES 


ROBERT  H.  CHAMBERS 
Co-Principal  Investigator 

The  purpose  of  this  report  Is  to  describe  recent  Investigations 
of  the  frequency  distribution  of  acoustical  emission  from  growing 
fatigue  cracks  In  24>ST  aluminum  sheet.  The  fatigue  cracks  were  In¬ 
troduced  by  a  high-amplitude,  low-cycle  bending  mode  of  deformation. 
Figure  1  shows  a  schematic  representation  of  the  mode  of  bending  and 
the  placement  of  the  PZT-5,  9.7-MHz  transducers.  A  Hewlett-Packard 
spectrum  analyzer  was  used  In  the  zero  sweep  mode  to  record  the  emis¬ 
sion  events.  The  resulting  signals  were  recorded  on  the  persistent 
screen  scope  face  and  photographed  later.  The  acoustical  emission 
was  stimulated  by  high  stress  amplitude  oscillations  of  the  speci¬ 
mens.  As  the  Introduced  cracks  grew  In  response  to  external  driving 
stress,  th^y  produced  bursts  of  acoustical  emission  that  looked  like 
sharp  spikes  on  the  scope  face. 

Figure  2  shows  a  typical  pulse  amplitude  v».  time  diagram  taken 
from  a  Polaroid  photograph  of  the  scope  face.  The  time  scale  Is  5 
seconds  per  division.  The  external  stress  applied  to  the  sample  was 
oscillated  at  'v  1/2  cycle  per  second;  therefore  emission  bursts  appear 
about  every  one  second,  corresponding  to  maximum  crack  growth  on  each 
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maxlmum  half  cycle.  Figure  2  represents  the  acoustical  emission  out¬ 
put  due  to  growing  cracks  as  seen  through  the  rather  narrow  band-pass 
filter  of  the  Hewlett-Packard  spectrum  analyzer*  In  this  particular 
case,  a  center  frequency  of  ^  5  KHz  and  a  band  width  of  50  Hz. 

Figures  2  through  15  represent  the  amplitude  va.  time  plots  for 
different  settings  o*  the  center  frequency,  but  for  each  setting  the 
bandwidth  was  selected  so  as  to  have  the  same  ratio  to  the  center 
frequency,  namely  f { center )/Af{ bandwidth)  *100.  About  one  hundred 
specimens  were  oscillated  to  fracture  In  this  manner,  giving  results 
typified  by  those  shown  In  Figures  2  through  15. 

Several  features  are  Immediately  evident:  (1)  at  the  lowest 
frequencies  there  Is  very  little  activity  at  the  earliest  times  fol¬ 
lowing  the  Initial  Introduction  of  a  crack;  (2)  at  frequencies  In  the 
vicinity  of  200  to  700  KHz  there  Is  early  acoustical  emission  activity; 
and  (3)  there  Is  relatively  little  activity  beyond  3  MHz  at  any  time. 

The  large  rise  In  pulse  amplitude  at  9.7  MHz  Is  due  to  the  stimula¬ 
tion  of  the  longitudinal  resonance  of  the  PZT-5  transducer  used  In 
this  Investigation;  It  Is  relatively  flat  from  10'  Hz  to  nearly  6  MHz, 
rising  only  at  the  fundamental  longitudinal  9.7  MHz  resonance  and 
the  third  harmonic  at  29.1  MHz.  Mo  emission  was  observed  at  the 
third  harmonic. 

It  Is  Instructive  to  cross-plot  the  curves  In  Figures  2  through 
15  In  the  following  manner:  Consider  the  number  of  times  pulses  occur 
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1n  the  range  from  to  A2,  A2  to  A^,  eta. ,  In  a  particular  time 
range,  say  five  seconds  after  the  fatiguing  cycles  begin.  Each  of 
these  numbers  Is  then  compared  for  each  frequency  measured,  and  a 
composite  spectrum  Is  assembled  for  several  times  during  the  terminal 
fatigue  experiment.  Figure  17  shows  the  composite  spectrum  for  two 
times:  early  and  late  where  early  corresponds  to  the  Interval  of  time 
from  0  to  5  seconds  after  the  beginning  of  the  deformation,  and  late 
corresponds  to  approximately  the  last  five  cycles  before  final  frac¬ 
ture. 


Two  points  should  be  noted  In  Figure  17:  (1)  the  early  spectrum 

Is  peaked  In  the  500-KHz  range;  and  (2)  the  late  spectrum  begins  to 
look  like  the  spectrum  for  &  simple  pulse,  i.e. ,  the  lower  frequency 
components  have  started  to  Increase,  whereas  the  early  spectrum  looks 
more  like  a  relatively  narrow  range  of  frequencies  characteristic  of 
"ring  down"  behavior. 

The  spectra  of  Figure  17  are  Interpreted  as  follows:  At  the 
early  stage  there  are  many  small  cracks  that  are  beginning  to  open 
and  enlarge.  These  cracks  can  vibrate  with  frequencies  In  the  low 
MHz  range.  Their  ring  down  behavior  should  show  as  a  band  of  frequen¬ 
cies.  Furthennore,  since  there  are  mar\y  cracks  randomly  opening, 
the  pulses  should  occur  over  a  fairly  broad  time  range.  As  the  small 
cracks  enlarge,  their  characteristic  frequencies  should  decrease. 

Also,  as  the  smaller  cracks  Intercept  one  another,  fewer  but  larger 
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cracks  should  be  formed  creating  fewer  but  larger  amplitude  pulses 
In  time.  Finally,  a  large  central  crack  should  dominate  giving  a 
relatively  sharp,  well-defined  pulse  as  It  extends  to  final  fracture. 
The  last  stage  should  have  the  narrowest  time  distribution  but  the 
broadest  frequency  distribution. 

To  Investigate  this  hypothesis  further,  a  detailed  study  was 
made  of  the  time  domain  structure  of  tne  acoustical  emission  pulses 
from  the  early  through  the  late  stages.  Figures  18  through  30  show 
how  the  time  domain  structure  does  In  fact  change  as  the  late  stage 
Is  reached.  Figure  18  shows  a  typical  burst  taken  at  a  moderate  sweep 
speed  with  the  analyzer  set  at  a  center  frequency  of  300  KHz  and  a 
bandwidth  of  30  KHz.  Notice  the  very  complicated  structure  when 
viewed  with  this  Increased  resolution.  Now  as  we  progress  toward  the 
later  stages.  It  Is  evident  that  the  pulses  are  narrowing  down  con¬ 
siderably,  requiring  a  greater  sweep  speed  In  order  to  resolve  them. 
Finally,  In  the  late  stage  the  pulses  are  over  10  times  as  narrow  as 
In  the  early  stage.  Qualitatively,  then,  our  hypothesis  concerning 
the  Interpretation  of  the  progression  of  microcracks  growing  Into 
macrocracks  and  producing  a  characteristic  frequency  spectrum  appears 
to  hold  up  when  Investigated  In  the  time  domain  as  well. 


The  method  used  here  to  Investigate  the  frequency  spectrum  of 
growing  fatigue  cracks  Is  very  time  consuming.  It  has  only  statistical 
validity  since  we  require  the  use  of  a  number  of  samples  and  must  make 
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a  cross  plot  to  obtain  the  spectrum.  Clearly,  It  Is  better  to  obtain 
the  spectrum  of  a  single  pulse  directly  Instead  of  havlnq  to  Investi¬ 
gate  the  average  behavior  of  a  large  number  of  pulses.  To  this  end 
we  are  hoping  to  apply  the  newly  designed  10-channel  single-pulse 
spectrum  analyzer  to  the  problem  of  analysis  of  fatigue  crack  emis¬ 
sion.  The  analyzer  is  In  the  last  stages  of  construction  and  testing 
and  should  be  available  for  actual  crack  analysis  soon. 


Figure  1.  Schematic  of  bend  type  fatigue  sample  showing  placement 
of  transducer  and  Initiating  fatigue  crack. 
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Flgure  2.  Acoustical  emission  output  vs.  time  for  low 
cycle  high  amplitude  fatigue  experiment  as 
observed  through  a  5  KHz,  5  Hz  bandwidth 
filter.  Stress  cycle  rate:  1/2  Hz. 
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Figure  3.  Emission  output  vs.  time  similar 
to  that  In  Figure  2,  but  observed 
through  a  10  KHz,  0.1  KHz  band¬ 
width  filter. 
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Figure  4.  Emission  output  vs.  time  with  a 
20  KHz,  0.3  KHz  bandwidth  filter. 
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Figure  5.  Emission  outp-t  vs.  time  with 
50  KHz,  0.3  KHz  bandwlth  (B.W.) 
filter. 


Figure  6.  Emission  output  vs.  time  with  a 
70  KHz,  1  KHz  B.W.  filter. 


Figure  7.  Emission  output  vs.  time  with  a 
100  KHz,  1  KHz  B.W.  filter. 
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Figure  8.  Emission  output  vs.  time  with  a 
300  KHz ,  3  KHz  B.W.  filter. 
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Figure  9.  Emission  output  vs.  time  with  a 
600  KHz,  3  KHz  B.W.  filter. 
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Figure  10.  Emission  output  vs.  time  with  a 
1  MHz,  10  KHz  B.W.  filter. 
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Figure  11.  Emission  output  vs.  time  with  a 
2  MHz,  10  KHz  B.W.  filter. 
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Figure  12.  Emission  output  vs.  time  with  a 
4  MHz,  30  KHz  B.W.  filter. 
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Figure  13.  Emission  output  vs.  time  with  a 
5  MHi,  30  KHz  B.W.  filter. 
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Figure  14.  Emission  output  vs.  time  with  a 
10  MHz,  100  KHz  B.W.  filter. 
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Figure  15.  Emission  output  vs.  time  with  a 
16  MHz,  300  KHz  B.W.  filter. 


Figure  17.  Spectrogram  of  acoustical  emission  output  of  high  amplitude 
low  cycle  fatigue  specimens. 
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Figure  18.  Acoustical  emission  output  vs.  time  for 
early  stage  of  cracking  showing  detail 
of  time  domain  at  300  KHz. 
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Figure  19.  Emission  output  vs.  time  for  slightly 
later  stage  of  cracking  than  shown  In 
Figure  18. 
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Figure  20.  Emission  output  vs.  time  for 
still  later  stage  of  cracking. 
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Figure  21.  Emission  output  vs.  time  for  nearly  late 
stage  of  cracking.  (Notice  narrowing  of 
time  domain  pulses. ) 
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Figure  22.  Emission  output  vs.  time  for  late  stage 
of  cracking.  Pulses  have  narrowed  and 
Increased  In  height  compared  to  those 
In  Figure  18. 
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Figure  23.  Emission  output  vs.  time  of  early  stage 
of  cracking  taken  at  a  faster  scope 
sweep  rate  to  Increase  time  resolution. 
(0.1  Sec/di  v.) 
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Figure  24.  Emission  output  vs.  time  of  slightly  later 
stage  of  cracking  than  shown  in  Figure  23. 
(0.1  Sec/dlv.) 
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Figure  25.  Emission  output  vs.  time  of  still  later 
stage  (0.1  Sec/dlv.). 
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Figure  26.  Emission  output  vs.  time  of  late  stage 
cracking  {0.1  Sec/dlv.). 
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Figure  27.  Emission  output  vs.  time  of  late  stage 
taken  at  even  faster  scope  sweep  rate 
(20  m  Sec/dlv.)  to  Increase  time  resolu¬ 
tion  still  further. 
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Figure  28.  Emission  output  vs.  time  of  very  late 
stage  near  failure  (20  m  Sec/div.j. 
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Figure  29.  Emission  output  vs.  time  of  events  within 
cycles  of  failure  taken  at  20  times 
sweep  rate  of  that  in  Figure  28.  Ring 
down  characteristic  of  djmped  specimen 
is  now  observed. 
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Figure  30.  Emission  output  vs.  time  of  terminal 
events  taken  at  0.1  m  sec/d 1v  sweep 
rate.  Bandwidth  of  filter  centered 
at  300  KHz  has  been  Increased  to 
100  KHz. 
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EXO-ELECTRON  EMISSION  STUDIES 


Stuart  A.  Hoenlg 
Co-Prlnclpel  Investigator 

Efforts  during  this  period  were  devoted  to  Investigating  the  post 
fatigue  exo-electron  emission  from  nickel  wires.  The  work  was  done 
In  a  vacuum  system  at  10"*  torr  to  preclude  oxidation  effects  from 
Interfering  with  the  measurement.  The  exo-electron  emission  was 
observed  without  ambient  illumination  by  simply  heating  the  fatigued 
specimens. 

Typical  data  are  shown  In  Figure  1.  The  exo-electron  current 
Is  a  clear  measure  of  the  fatigue  level. 


